In order to create 3D (three-dimensional) 
Introduction
The metallic foams have a special class which satisfies the definition of particle reinforced metal matrix composites also. These are the metal matrix syntactic foams. The metal matrix syntactic foams have numerous perspective applications as covers, hulls, castings, or in automotive and electromechanical industry sectors because of their high energy absorbing and damping capability. In these porous materials the porosity is ensured by incorporating ceramic hollow microspheres [1] . The microspheres are commercially available and they contain mainly various oxide ceramics [2, 3] .
The most important properties of the metal matrix syntactic foams are the compressive strength and the absorbed energy [4] [5] [6] [7] [8] [9] [10] .
The quality and chemical composition of the microspheres influence many properties of the syntactic foams. And they have also strong influence during the production of the syntactic foams. The foams are usually produced by mixing technique and gravitational casting or by pressure infiltration [11] [12] [13] .
Because of the strong effect of the quality of the microspheres (diameter of ~ 0.1-3 mm) on the mechanical and other properties of the foams the investigation of the structure of the syntactic foams is very important. In order to create real 3D models from the syntactic foams the CT-based reconstruction methods can be applicable. CT-based reconstruction methods are used successfully in many different materials research fields as for example porous polymeric materials (foams) [14] , open celled and closed-cell metallic foams [15] [16] . Recently the X-ray computed microtomography has been applied on porous fuel cell materials [17] and soil samples [18] . The history, the production, the geometrical, mechanical, thermal properties the dynamical behaviour and the fatigue processes of hollow spheres were studied in details [19] .
Structural characterisation and morphology of metal foams were studied with models reconstructed from CT images [20] . In order to apply the CT-images for the reconstruction of the syntactic foams a new algorithm is shown in this work. 
Reconstruction algorithm
In this work our goal was to reconstruct the 3D structure of an Al composite sample reinforced by hollow ceramic spheres (radius range: 0.65-0.75 mm). The starting point was a specimen of a sample of the composite, a photograph is shown on Fig. 1 .a. The size of the cylindrical specimen was Ø10x15 mm. The basis of the reconstruction was the CT analysis. Fig. 1 .b shows some slices of the CT picture, one slice is shown in detail on Fig. 1 .c. CT layer analysis was performed at the laboratory of the department of materials Science of Széchenyi István University, using a YXILON CT Modular type industrial CT equipment, using an X-ray tube of 225 kV, µfocus, with a resolution of 7 µm.
Software products offered for analyzing CT layer records (layer thickness of 7 µm) (e. g. Mimics, Geometry, YXlon CT software) can reconstruct detected air inclusions (e. g. bubbles in metal castings) as spheres. The number of the hollow spheres is 1309 in the specimen and the volume ratio of the ceramic hollow spheres in the specimen calculated by the software is 58%. This reconstruction, however, works with hollow ceramic spheres only on the internal surfaces; the reconstruction of the outer spherical surfaces is not yet solved. When analyzing the CT layer records it was observed that the wall thickness of the hollow ceramic spheres is not uniform (range of 0.2-0.3 mm), and it may also occur that the outer and internal spherical surfaces are not perfectly concentric. Furthermore, in several cases twin spheres (crossing each other) can also be found in the structure, which complicates the reconstruction further. Due to these problems we could not solve directly the full structure reconstruction problem using the standard CT handling and processing software. From the test data we could retrieve only the models of the internal spheres which were used in constructing the complete model of the composite.
In order to reconstruct the outer spheres we tried to find a solution by detecting circles on the CT layer records. For the detection of the circles first the Hough Circle algorithm was used. Fig. 2 shows a section of a hollow ceramic sphere. It can be seen that especially the outer contour is not a perfect circle. The Hough Circle algorithm [21] fits circles to more details of the contour resulting in several circles, see Fig. 2 .b. In most cases, however, (as shown in Figure 1 .b) none of these circles will be a best fitting circle of the outer contour. We have developed an algorithm to determine good fitting circles (in the case of the 3D model, spheres) which describe well the outer contour of the hollow spheres.
The algorithm of sphericity Several separate areas can be distinguished (segmented) from each other on a CT layer record. From these circular areas are sought for. As only the outer contours are to be detected, the area of the internal circles (see the black area in Fig. 2) is united with the area of the dark grey (area No. 1) sphere walls. In order to decide the sphericity of a certain shape the following two quantities are needed:
• The segmented area, T S (e. g. Fig. 3 .b), which is simply defined as the sum of the pixel areas belonging to the given area.
• Area of a circle, T C defined by the extreme coordinates of the segmented area used to determine a circle radius (T C is the area of the circle having radius of R C ).
The sphericity of a shape is defined as follows:
If the investigated shape is exactly a sphere, C will be 100%. If the shape of the segmented are deviates from a circle:
• if the deviation is slight C will be close to 100%, • in the case of stronger deviation C will also be significantly differs form 100%. In order to determine the sphericity more exactly the same segmented area was investigated also in rotated coordinate systems. In all rotated coordinate system a separate R C value was determined and the T C circular area was calculated form an average of these values. In this work the T C value was calculated as an average from 36 pieces of values determined in coordinate systems rotated by 10°.
If the segmented areas are crossing circles (as e. g. the one shown by light green color (area No 2) in Fig. 2 ) the sphericity parameter, C will of course not approximate well 100%. Therefore the algorithm was completed by the following process:
Having determined the sphericity (C value) of a certain shape the adjacent segmented areas next to the given shape were identified. The union was taken with all these neighbors subsequently. If the calculated C value for the union was closer to 100% than the original C value, then the union was used instead of the original area. In Fig. 3 e. g. the union of the light green are with the neighboring grain-like grey area gives much better circle than the light green area itself. Thus we could solve also the problem of crossing circles (twin ceramic spheres).
The principle of sphericity is by itself very simple and can be programmed easily. In order to use it the areas should be properly segmented. For this the Hough Circle algorithm was used. It was observed that by using the Hough Circle algorithm is was possible to find circumscribed circles for each spherical wall section. From the plurality of circles shown in Fig. 4 around a section of the ceramic sphere wall that with the maximum radius was taken as the circumscribed sphere. Blue circles (1) sign matrix materials (false result), red circles (2) sign the hollow sphere walls in the cross-section and the green circles (3) contain the centre points of the hollow sphere.
Within the circumscribed spheres the RGB codes were used to identify the contiguous areas. During the test runs it was found that the R=G=B<130 filtering condition was acceptable to segment the various areas.
Running results, the CAD model
The determination of the sphere radius from two sections is shown in Fig. 5 .
Using the notation of Fig. 5 the sphere radius, r can be calculated as follows:
where a and b are the radii of the circles detected on two layer records and h is the distance between the layers. 
For a given ceramic hollow sphere the data of the spherical wall were determined from the largest sections occurring at the central part.
1600 layer records were taken of the test specimen shown in Fig. 1 . The circle detection algorithm was run on each layer record. From the data of the detected spheres a CAD model was constructed which allows running various engineering analyses (e. g. finite element calculations). The CAD model is shown in Fig. 6 . To make the hollow spheres more conspicuous a model cut into two is presented.
Conclusion
Complete reconstruction of metal composites reinforced by ceramic hollow spheres from CT layer record cannot be performed using only standard CT image processing software. The algorithm of sphericity is useful for this purpose. Using this new algorithm a CAD model can be constructed even from specimens containing non-concentric or twin (crossing) spheres. With the help of the new algorithm running of the engineering analyses (e. g. tensile analysis) is possible on the reconstructed CAD models. Finite element models can be created using solid elements. 
